I
njuries have gained attention in the United States military as the magnitude of the injury problem has become apparent. About half of all deaths, half of all disabilities, and half of all outpatient medical visits appear to be due to injuries. Injuries result in five to 22 times more days of limited duty than do illnesses. 1 2 Risk factors for training injuries in various military populations have been identified 1 3 4 and specific interventions have been tested that successfully reduce injuries without compromising mission effectiveness. [5] [6] [7] [8] [9] These studies demonstrate that injuries are not an inevitable consequence of military training and operations and can be successfully controlled.
Since 1999, the United States Army Center for Health Promotion and Preventive Medicine has worked with Kirk Army Health Clinic and the United States Army Ordnance Center and School at Aberdeen Proving Ground, Maryland, to maintain an injury surveillance system. This system captures the visits of advanced individual training (AIT) students to the medical clinics at Aberdeen Proving Ground. Weekly surveillance reports are supplied to commanders of the AIT units and these reports show the proportion of injured soldiers. The surveillance system also collected activities associated with injury and demonstrated that a large proportion of injuries were associated with physical training. Because of this, physical training was targeted for injury reduction efforts. Other interventions were also instituted including education on injury reduction techniques and introduction of a unit based surveillance system. This paper reports on injury and fitness outcomes from this multiple intervention program.
METHODS
Participants and study design Participants were soldiers attending ordnance AIT at Aberdeen Proving Ground, Maryland, USA. Soldiers trained to qualify for one of five different military occupational specialties, all of which involve vehicle repair and maintenance. Two cohorts were compared. The historical control was comprised of soldiers attending AIT before the interventions were introduced. The multiple intervention cohort was comprised of soldiers attending AIT after the interventions were introduced.
Interventions

Physical training program
The traditional physical training program of the historical control cohort involved primarily warm-up and stretching exercises followed by calisthenics, variations on push-up and sit-up exercises, group long distance running, and some interval training (sprints). 10 The multiple intervention group performed the new physical readiness training (PRT) program for which the theoretical rationale and exercise details have been described previously. 9 11 12 Injury reduction measures incorporated into the program included reduced running mileage, progressive overload, more individualized aerobic training, and cross training. 4 6 11 13-16 Personnel from the United States Army Physical Fitness School developed the PRT program and provided drill sergeants with a 32 hour block of field instruction on the exercises. Drill sergeants subsequently administered the program to the soldiers. PRT included calisthenics, movement (guerrilla) drills, dumbbell exercises, climbing drills, recovery drills, interval training, and ability group long distance running. 9 11 Exercises were administered in a progressive manner by increasing the number of repetitions over days. Different exercises were performed on alternating days. Interval training was performed 1-2 times each week and involved six to 10 repetitions of 30 second sprints alternating with 90 second walks. Ability group long distance runs were performed about once a week and involved distances of no more than two miles. Ability groups were four aggregates of soldiers with similar speed who ran together. Training for both the historical control and multiple intervention cohorts was conducted five days/week for about one hour.
Injury control education course
A second intervention involved seven hours of classroom instruction on injury awareness and injury control techniques provided to the unit staff and student trainers. Previous studies have shown that combing aspects of educational efforts with community leadership participation, modification of attitudes, behaviors and norms, and alterations in the physical environment can be effective in reducing injuries. [17] [18] [19] [20] [21] The injury control education course covered physiological principles, physical training concepts, injury prevention research and techniques, application of risk management techniques, and practical exercises.
Unit based injury surveillance system
The unit based injury surveillance system (UBISS) was a Microsoft Access relational database that allowed training personnel to enter individual soldier injury data from a routine form completed by medical personnel. Data entered into the surveillance system included name, type of injury, body part, activity associated with injury, and type and length of activity restriction. Eighteen real time graphs and charts could be generated.
Data collected
Lifestyle characteristics and demographics
Soldiers completed a Soldier Health Inprocessing Questionnaire on arrival at Aberdeen Proving Ground. Questions included date of birth, gender, race, basic combat training site, whether or not the soldier currently had an injury or illness that might affect their AIT performance, and tobacco use history. The Ordnance School provided data on each soldier's military occupational specialty, component (active Army, reserve, national guard), date of arrival, and date of departure from Aberdeen Proving Ground.
Clinic based injury surveillance system
When a soldier reported to the medical clinic for an injury the medical care provider filled out a form that contained questions on the activity associated with the injury, anatomic location of the injury, diagnosis, and days of limited duty. This form was scanned into the clinic based injury surveillance system. An injury was defined as physical damage to the body for which the soldier sought medical care and for which there was some restriction of duty for a day or more. Injury types were determined by diagnosis. Time loss overuse injuries included stress fractures, stress reactions, tendinitis, bursitis, fasciitis, arthritis, neuropathy, radiculopathy, shin splints, synovitis, strains, and musculoskeletal pain (not otherwise specified). Time loss traumatic injuries included sprains, dislocations, fractures, blisters, abrasions, lacerations, contusions, subluxations, and pain (due to a traumatic event). A third type of injury was any time loss injury, which included diagnoses from both the overuse and traumatic types.
Army physical fitness test
The army physical fitness test (APFT) involved the number of push-ups and sit-ups successfully completed in separate two minute periods and a two mile run for time. Initial APFTs were given within the first week of arrival at AIT, diagnostic tests were performed in the fourth week, and the first final test was performed in the eighth week. Soldiers had to meet age and gender adjusted standards to ''pass'' the APFT. 10 Soldiers who did not pass the first final test were given additional APFTs and there were no limits on the number of additional tests. Soldiers who could not pass the APFT after the additional tests were discharged from military service.
Training observations
In the historical control group, physical training was observed for a three week period before the interventions. Training was observed in the multiple intervention cohort during the entire study period and trainers were required to conform to the training schedule.
Remedial physical training (RPT)
The training unit instituted a remedial physical training (RPT) program on week 16 of the 36 week multiple intervention period. RPT involved a second one hour physical training session on Mondays, Wednesdays, and Fridays. The reason for RPT was an anecdotal perception by trainers that more soldiers were failing the APFT than had failed in previous times. Soldiers who failed the diagnostic APFT or the first final APFT were assigned to RPT. Soldiers remained there until they passed the APFT or until they were discharged. Activities in RPT involved push-up/sit-up improvement exercises, cardiorespiratory training, and nautilus circuit training. The historical control group also had a remedial training program after which the multiple intervention RPT program was modeled.
Injury Control Advisory Committee
Presumably as a result of the educational program, unit training personnel independently developed an Injury Control Advisory Committee. This was a structured monthly forum in which the unit trainers and management evaluated their unit's current injury status from UBISS and discussed actions to reduce injuries. This group met seven times during the course of the study for about one hour each time. Meetings were attended by a physical therapist.
Data analysis
The Statistical Package for the Social Sciences, version 10.1.0, was used for all analyses. The Pearson x 2 test of proportions was used to examine historical control and multiple intervention group differences involving counts of people (that is, demographics, lifestyle characteristics, APFT pass rates). A one way analysis of variance (ANOVA) was used to examine group differences in age and initial APFT scores.
Cox regression (a survival analysis technique) was used to examine differences between the multiple intervention and historical control groups in crude and adjusted (covariates controlled) injury risk with separate analyses conducted for each of the three injury types. Continuous APFT variables converted into gender specific quartiles and age was divided into four groups. Simple contrasts were used to compare the crude and adjusted injury risk in historical control and multiple intervention groups. The multiple intervention group was the reference group with a risk ratio of 1.0.
APFT scores were analyzed using ANOVA (group by initial/ first final test). If initial APFT scores differed, analysis of covariance (ANCOVA) was used: the initial APFT score as the covariate and group comparisons were made on the final score.
RESULTS
There were 1122 men and 161 women in the multiple intervention cohort and 2303 men and 256 women in the historical control cohort. Soldiers who overlapped both periods (352 men and 40 women) were not included in the analyses.
Demographics, lifestyle characteristics, and initial fitness Table 1 shows comparative demographic and lifestyle characteristics. Table 2 shows comparative age and fitness. Among the men, there were differences between the multiple intervention and historical control groups by rank, occupational specialty, race, basic combat training location, soldiers reporting injury on arrival, age, push-ups, and sit-ups. Among the women, the multiple intervention and historical control groups differed on occupational specialty, basic combat training location, and push-ups. Table 3 shows the person-time injury incidence rates. In all cases, rates are higher for the historical control group than for the multiple intervention group. Table 4 displays the results of the Cox regression showing the crude and adjusted risk of injury in the historical control group relative to the multiple intervention group. The crude risk of injury is higher in the historical control group than in the multiple intervention group, although the 0.05 confidence interval was reached only for overuse injury in men and women and traumatic injury in the men. After adjustment for covariates, injury risk in the historical control group was higher than in the multiple intervention group for all injury types except for traumatic injuries among the women. Table 5 shows the proportion of soldiers that passed the APFT. More historical control men passed the initial test compared with multiple intervention men. The multiple intervention and historical control men did not differ on the proportion passing the first final test or passing after all tests had been completed. For the women, there were no group differences on the initial test, first final test, or after all final tests were completed. Table 6 shows the APFT scores. Since there were significant group differences on the initial test of push-ups and sit-ups Military occupational specialties: 63G, fuel and electrical system repairer; 63W, wheel vehicle repairer; 63D, self propelled field artillery system mechanic; 63H, track vehicle repairer; 63Y, track vehicle mechanic. 1BCT, basic combat training.
Injury outcomes
Fitness outcomes
for men, ANCOVA was used to analyze these two events. After adjustment, there were no significant group differences on the first final test for push-ups (p = 0.74) or sit-ups (p = 0.41). A 2 6 2 ANOVA on the two mile run test demonstrated a significant main effect for test periods (p,0.01) but not for groups (p = 0.90); the probability value for the interaction was p = 0.07.
Historical control and multiple intervention women demonstrated a significant difference on the initial test of push-ups. ANCOVA revealed no significant group differences on the first final test of push-ups (p = 0.20). A 2 6 2 ANOVA on sit-ups demonstrated a significant main effect for test periods (p,0.01) but not for groups (p = 0.19) and the interaction was not significant (p = 0.71). On the two mile run, there was a significant difference for the test periods (p,0.01) but not for groups (p = 0.70) and the interaction was not significant (p = 0.68).
DISCUSSION
This study examined injury and fitness outcomes during implementation of a multiple intervention program. Soldiers who participated in the intervention program experienced lower injury rates than those who did not participate in the intervention program while improvements in APFT scores were similar. This multiple intervention program was successful in reducing injuries while improving physical fitness to the same extent as the control group.
Educational program
It has been shown that educational efforts alone have only very limited success in reducing injuries. [22] [23] [24] [25] [26] [27] On the other hand, ''community based approaches'' have shown more promise. 17 Community based approaches combine aspects of educational efforts with focused community leadership participation, multiagency collaboration, tailoring to the needs of the local community, modification of attitudes, behaviors, and norms, and alterations in the physical environment. In this approach, public health personnel work within the community and consider perceived needs, use local knowledge and expertise, and encourage community ownership of the problem. 18-21 28-30 The injury control program used in this project contained many of these elements.
Physical training
Concerns with the PRT program arose when the drill sergeants and training management noticed that seemingly larger than normal groups of soldiers began to fail the diagnostic and first final APFT. At the time, these failures were attributed to the PRT program and RPT was instituted to correct this. In retrospect, it can now be seen that multiple intervention soldiers were less fit on entry compared with their historical control counterparts (table 5) . Despite this lower initial fitness, the first final APFT pass rate and ultimate APFT pass rate did not differ between the two groups (table 5). These data suggest that the PRT program (with remedial training) resulted in larger improvements in APFT pass rates than the traditional program (which also had a remedial program).
Certain features of the PRT training program have been shown to reduce injuries or are suspected of reducing injuries. These features may account for portions of the reduction in injury rates in this study. One of these features was lower running mileage. Observations on the historical control group suggested they ran an average of 7.1 miles/ week, while the multiple intervention group ran no more than 3.5 miles/week. Past studies with both military and civilian samples have strongly suggested that as the total amount of running decreases, the incidence of injuries decreases 4 13 14 31-34 with little effect on improvements in aerobic fitness. 4 13 14 Following the exercise principle of progressive overload, the intervention program emphasized the gradual introduction of the exercises. 6 15 This was another potential injury reduction feature. In the historical control group, newly arrived soldiers performed whatever physical training the unit had planned for that day without the gradual introduction of exercise stress. Soldiers in the multiple intervention program were provided a program that allowed them to learn and gradually adapt to the new PRT exercises.
Another factor possibly associated with the lower multiple intervention injury rates may have been the ability group runs. It was observed that during historical control runs, the entire training group would run together but some individuals, presumed to have lower fitness, would drop out of the run. Ability group runs performed by the multiple intervention group permitted less fit soldiers to run at speeds more appropriate to their lower aerobic capacities and may have avoided excessive fatigue that is associated with gait changes [35] [36] [37] [38] and may be associated with injuries. A final training related factor that may partially account for the lower injury rates in the multiple intervention group was the variety of exercises in the PRT program. There are no studies indicating that a greater variety of exercise will reduce injuries, but sports medicine professionals often recommend ''cross training'' (different exercises on different days) for this purpose. 16 Injury surveillance and Injury Control Advisory Committee The major purposes of injury surveillance are to assess health status, conduct research, determine public health priorities, and evaluate programs. 39 The clinic based injury surveillance system was used to demonstrate the injury problem and show that physical training was the major activity associated with injuries. The system was then used to evaluate the effectiveness of the intervention programs.
The UBISS allowed unit personnel to print out a wide variety of charts and graphs which were used during the Injury Control Advisory Committee meetings to report specific unit injury rates. Currently there are no studies indicating that such a committee can reduce the incidence of injuries. However, systematic examination of data and discussion of injury prevention priorities may be effective if the information gained from such sessions is applied and policies enforced. 40 Direct observations of the Injury Control Advisory Committee suggested that the committee used most of the meeting time to share surveillance reports and less time discussing trends and solutions. It is unclear how injury rates could have been affected by this committee or the UBISS other than by raising awareness of injury rates and activities associated with injuries.
Limitations
This study used a historical control group which could have been influenced by temporal changes that were not apparent or were difficult to identify because they occurred in the past and were not monitored when they occurred. The three weeks of physical training observations on the historical control group may not have been representative of the physical training performed during the entire historical control period. A number of different medical care providers were in the clinic during the study period and may have had different criteria for assigning restricted duty. Remedial physical training was not originally planned for the multiple intervention group and was not instituted until the historical control portion of the study was about 40% complete. However, since the historical control group had a similar program this may have had the unintended effect of making the groups more similar.
The fact that multiple interventions were examined in this study made it difficult to determine which interventions were most effective in reducing injuries. The multiple strategies may have been successful because different individuals responded to different aspects of the program. The PRT program has the most injury reduction potential based on the literature cited above. It is not clear how the injury control education course, UBISS, or the Injury Control Advisory Committee influenced injury risk. Nevertheless, the evaluation showed the overall multiple intervention program succeeded. Future studies should involve prospective cohort designs and attempt to partition out the influence of each intervention separately. N In an attempt to reduce injuries among the students a number of interventions were instituted. These included alterations in the physical training program, injury control education to the student trainers, a unit based surveillance system, and an Injury Control Advisory Committee.
N After the interventions were put in place there was a reduction in the overall injury rates with no change in the rate of improvement in physical fitness.
N The extent to which the individual interventions contributed to the total reduction in injuries could not be determined but the alterations in the physical training program was assumed to be the most effective based on the literature and since physical training was the predominate activity associated with injury.
N Future studies should examine each intervention individually so their relative effectiveness can be determined.
